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cross-over cross-over point $p=12.45425644$
. [Fujimura &Mizushima . Kropp &
Busse $(1991a)$ Fujimura]
2.
$(x, y, z)$ 2 $z=\pm H/2$ $x$ y
$z=\pm H/2$ $T=T_{0}\mp\Delta T/2$
$P^{-1}R[ \frac{\partial v}{\partial t}+(v\cdot\nabla)v]=-\nabla p+T\cos\delta\cdot e_{x}+T\sin\delta\cdot e_{z}+\nabla^{2}v$,
$R[ \frac{\partial T}{\partial t}+(v\cdot\nabla)T]=\nabla^{2}T$ ,
$\nabla\cdot v=0$ , (2.1)
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27
$v=0$ , $T=\mp 1/2$ , at $z=\pm 1/2$ , (2.2)
$R=g\gamma\Delta TH^{\}/\nu\kappa$ Rayleigh $P=\nu/\kappa$ Prandtl
$v=(\overline{U}(z), 0,0)=(\frac{1}{6}(z^{\}-\frac{z}{4})\cos\delta, 0,0)$,
$T=\overline{T}(z)=-z$ . (2.3)









$z$ $\nabla_{2}^{2}\equiv\partial^{2}/\partial x^{2}+\partial^{2}/\partial y^{2}$
3.









$S_{(a)}\equiv D^{2}-\alpha^{2}$ $S_{(\beta)}\equiv D^{2}-\beta^{2}$ $D\equiv d/dz$
$z=\pm 1/2$ $w=Dw=T=0$
. \beta =$.1163236, $R_{e}^{L}=1707.7618/\sin 5$ , (3.4)
$R_{c}^{S}$ $\delta$ $P$ 1
$R_{c}^{L}$ $R_{c}^{S}$ (cross-over point)
(L) (S) (L) $(T)$ $(T)$ (S) $P-5$ cross-over points 2
$\delta<90^{o}$ $P\leq 0263897$ (S) 2
Korpela (1974)
$(S)$ $(T)$ (L)3 $(P_{c}, \delta_{c}, R_{c})=(12.420013,1.0065474, 97216060)$
cross-over
4.
3 (S) (T) (L) 3





. $+c.c.$ . (4.1)
$\equiv e^{i\alpha_{n}(a-c_{n}t)+:\beta.y}$ $E_{-n}=E_{n^{-1}}$ $n=1,2$
$n=3$ $n=4$ .
$\alpha_{m}+\alpha_{n}+\ldots\equiv\alpha_{mn}\ldots,$ $\beta_{m}+\beta_{\pi}+\ldots\equiv\beta_{mn}\ldots$ , and $\alpha_{m}c_{m}+\alpha_{\mathfrak{n}}c_{n}+\ldots\equiv(\alpha c)_{mn}\ldots$
$A$
$L_{mn}\equiv(\begin{array}{llllll}\beta_{mn}\mathcal{M}_{mn} -\alpha_{mn}\mathcal{M}_{mn} i\beta_{mn}U’ -i\beta_{mn}P_{c}R_{c}^{-1}cos\delta_{c} i\alpha_{mn} i\beta_{mn} D 0 0 0 \mathcal{L}_{mn} P_{c}R_{c}^{-1}(\gamma_{mn}^{2}sin\delta_{c} +i\alpha_{m\pi}D cos\delta_{c})0 0 \overline{T}_{z} +-i(\alpha c)_{mn}i\alpha_{mn}\overline{U}-R_{c}^{-1}S_{mn} \end{array})$,
$L_{mn,\delta}\equiv$
$(00$ $\alpha_{m_{0}n,0}^{2}\overline{U}0$ $j\alpha_{mn}\overline{U}S_{mn_{0}}-i\beta_{m_{0}n}\dot{\overline{U}}_{i\alpha_{mn}\overline{U}’’}’$ $P_{c}R_{e}^{-1}(co_{i\alpha^{c}\overline{U}^{i\alpha_{mn^{c}}}}i\beta_{mn}P_{c}R_{0_{-}^{c}}\sin\delta_{D\cdot\sin\delta_{c})})$ ,
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$L_{mn,P^{-1}R}\equiv(\begin{array}{llll}-i\beta_{mn}S_{mn} i\alpha_{\gamma nn}S_{m\pi} 0 -i\beta_{mn}cos\delta_{c}0 0 0 00 0 -S_{mn}^{2} \gamma_{mn}^{2}sin\delta_{c}+i\alpha_{mn}D\cdot cos\delta_{c}0 0 0 -P_{c^{-1}}S_{mn}\end{array})$ ,
$L_{mn,P}\equiv(\begin{array}{llll}0 0 0 00 0 0 00 0 0 00 0 0 -P_{c}R_{c}^{-1}S_{mn}\end{array})$ , $M_{mn}\equiv(\begin{array}{llll}i\beta_{mn} -i\alpha_{mn} 0 00 0 0 00 0 S_{mn} 00 0 0 1\end{array})$ .
$\mathcal{L}_{mn}=i[\alpha_{mn}\overline{U}-(\alpha c)_{mn}]S_{mn}-i\alpha_{mn}\overline{U}’’-P_{e}R_{c}^{-1}S_{mn}^{2}$ ,
$\mathcal{M}_{mn}=(\alpha c)_{mn}-\alpha_{mn}\overline{U}-iP_{c}R_{c}^{-1}S_{mn}$ ,
$\gamma_{mn}^{2}=\alpha_{mn}^{2}+\beta_{m\mathfrak{n}}^{2}$ , $\overline{U}\equiv\partial\overline{U}/\partial\delta$ , and $S_{mn}\equiv D^{2}-\gamma_{mn}^{2}$ .
$t_{n}=\epsilon^{2n}t$ , $n=0,1,2,$ $\ldots$ , $\frac{\partial}{\partial t}=\sum_{i=0}\epsilon^{2_{\dot{J}}}\frac{\partial}{\partial t_{j}}$, (4.2)
$O(\epsilon)$
$L_{j}\vec{\Psi}_{j}=0$ , $j=1,2,3,4$ , (4.3)
(32) (3.3) $\vec{\Psi}_{j}$
$\vec{\Psi}_{j}=A_{j}(t_{1}, \ldots)\tilde{\Phi}_{j}(z)$ , (4.4)
$\sim i(z)$ $w_{j}(0)=1$
$O(\epsilon^{3})$
$L_{j} \vec{\Psi}_{j}^{(1)}=-M_{j}\tilde{\Phi}_{j}\frac{\partial A_{j}}{\partial t_{1}}+A_{j}\sum_{k=1}^{4}|A_{h}|^{2}\tilde{N}_{-kkj}+\sigma_{j}\vec{\Phi}_{j}\cdot A_{j}$, (4.5)
$0$
$\sigma_{j}\equiv L_{j,PR}-1-\tilde{\delta}L_{j,\delta}+\tilde{P}L_{j,P}$ $\tilde{N}_{-kkj}$ $\vec{\Psi}_{j}^{(1)}$









$P<P_{e}^{(ST)}$ cross-over (S) (L)
$\epsilon A;=a_{j}(t)e^{i\theta(t)}$ $\epsilon^{2}\tilde{\lambda}_{j}=\lambda_{j}$ $A_{S}$ $A_{4}$
$da_{s}/dt=a_{\}( \lambda_{S}+\sum_{j=\}^{4}\lambda_{-jj\}a_{j}^{2})$ , $da_{4}/dt=a_{4}( \lambda_{4}+\sum_{j=S}^{4}\lambda_{-jj4}a_{j}^{2})$ ,
a) pure transverse roll $(P_{S})$ ;
$a_{\}^{2}=-\lambda_{\}/\lambda_{-S},$ $a_{4}=0$ ;
b) pure longitudinal roll $(P_{L})$ :
$a_{S}=0$ , $a_{4}^{2}=-\lambda_{4}/\lambda_{-444}$ ;
c) mixed mode (M) :








$c_{j}\equiv{\rm Re}\lambda$ ; $(j=1,2,4)$ . $c_{kkj}\equiv{\rm Re}\lambda_{-kkj}$ $(k=1,2,4)$ $u=a_{1^{\text{ }}}^{2}$
$v=a_{2^{\text{ }}}^{2}w=a_{4}^{2}$
a) traveling wave (PT):
$u=-c_{1}/c_{111},$ $v=w=0$ ;
b) pure longitudinal roll $(P_{L})$ :
$u=v=0,$ $w=-c_{4}/c_{444}$ ;
c) standing wave (SW) ;
$\tau\iota=v=-c_{1}/(c_{111}+c_{221}),$ $w=0$ ;
d) mixed mode $(M^{\pm})$ :
$u= \frac{c_{4}c_{441}-c_{1^{C}444}}{c_{111}c_{444}-c_{114^{C}441}’}v=0,$ $w= \frac{c_{1}c_{114}-c_{4}c_{111}}{c_{111}c_{444}-c_{114^{C}441}}$ ;




2 cross-over point $(\delta=5(P))$ $\delta$
$\delta$ Rayleigh
$($ T-L SW $)$




(planform ) Rayleigh-Be’nard bimodal convection pattern
Kropp &Busse (1991b) 3
mixed mode
3 ’
(S), (T), (L) 3 $\epsilon A_{j}(t)=a_{j}(t)e^{i\theta_{j}(t)}$
$da_{1}/dt=a_{1}(c_{1}+c_{111}f+c_{221}g+c_{\S1}u+c_{441}v)\equiv a_{1}p_{1}$ ,
32
$da_{2}/dt=a_{2}(c_{1}+c_{221}f+c_{111}g+c_{\ 1}u+c_{441}v)\equiv a_{2}p_{2}$ ,
$da_{\}/dt=a_{\}(c_{\}+c_{11S}f+c_{11\}g+c_{33\}u+c_{44\}v)\equiv a_{\Ps}$ ,
$da_{4}/dt=a_{4}(c_{4}+c_{114}f+c_{114}g+c_{3 4}u+c_{444}v)\equiv a_{4}p_{4}$ ,
$c_{j}\equiv{\rm Re}\lambda_{j}(j=1,2,3,4)$ $c_{khj}\equiv{\rm Re}\lambda_{-kkj}(k=1,2,3,4)$
$f\equiv a_{1^{\text{ }}}^{2}g\equiv a_{2^{\text{ }}}^{2}u\equiv a_{\}^{2}$ $v\equiv a_{4}^{2}$ 11
1) pure mode $(P_{T})$ : $f\neq 0,$ $g=u=v=0$ ;
2) standing wave (SW) : $f=g\neq 0,$ $u=v=0$ ;
3) pure mode $(P_{S})$ : $f=g=v=0,$ $u\neq 0$ ;
4) pure mode $(P_{L})$ : $f=g=u=0,$ $v\neq 0$ ;
5) transverse mixed mode $(M_{T})$ : $f=g\neq 0,$ $u\neq 0$ , and $v=0$ ;
6) mixed mode $(M_{O})$ : $f=g\neq 0,$ $u=0$ , and $v\neq 0$ ;
7) transverse mixed mode $(M_{T}^{\pm})$ : $f\neq 0,$ $g=v=0$, and $u\neq 0$ ;
8) mixed mode $(M_{O}^{\pm})$ : $f\neq 0,$ $g=u=0$ , and $v\neq 0$ ;
9) mixed mode (M) : $f=g\neq 0,$ $u\neq 0$ , and $v\neq 0$ ;
10) mixed mode $(M_{S})$ : $f=g=0,$ $u\neq 0$ , and $v\neq 0$ ;
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Fig.1. Critical Rayleigh number for longitudinal rolls (solid
line) and for transverse stationary rolls (dotted line).
Fig.3. Bifurcation diagram for two mode interaction be-
0.1 1 10 100 1000 tween transverse stationary rolls and longitudinal rolls.
$P$ Letters attached to each branch denote the different types
Fig.2. Cross-over point between different modes. of stable equilibrium solution. Letters in a bracket denote
unstable equihbrium solutions. $P=7$ . $(a)$ : $\delta=1.89^{0},$ $(b)$
: $6=1.69^{0}$ .
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Fig.4. Bifurcation diagram for two mode interaction be-
tween transverse traveling waves and longitudinal $roUs$ .
$P=100$. $(a)$ : $6=1.464^{0},$ $(b)$ ; $\delta=1.264^{0}$ .
(b)
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Fig.5. Bifurcation diagram for three mode interaction. Fig.6. $P=12.65,6=1.06^{0}$ .$P=12.5,$ $\delta=1.1$ .
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Fig 7. $P=12.6,$ $i=0.92^{\Phi}$ . Fig 8. $P=12.45,6=0.9$ .
Fig.9. $P=12.3,$ $\delta=0.9^{0}$ . Fig 10. $P=12.15,$ $\delta=0.94^{\phi}$ .
